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ABSTRACT 

The computer program presented herein provides values of 
the added mass and damping coefficients of infinitely long 
horizontal cylinders oscillating in or below a free surface. 
The report includes the theoretical background, the general 
structure, the details of the input and output schemes, and 
the program listing. 

ADMINISTRATIVE INFORMATION 

This study was conducted under the in-house independent research/ 

independent exploratory development program of the Naval Ship Research and 

Development Center (NSRDC).    Funding was provided under Project R01101, 

Subproject ZR011.01.01. 

INTRODUCTION 

The main objective of this report is to provide sufficient infor- 

mation to enable the user to properly run computer program YFA4.    This pro- 

gram was originally developed by W. Frank and is based on his theory.    It 

provides the pressures, added mass, and damping of a horizontal cylinder 

oscillating in heave, sway, or roll while located in or below the free sur- 

face. 

A brief explanation of the analysis contained in the reference is 

presented in order to provide the understanding necessary for the most 

effective usage of the program.   The theory deals with a velocity potential 

problem for an oscillating, horizontal cylinder of infinite length.   The 

■ 

Frank, W., "Oscillation of Cylinders in or below the Free Surface of 
Deep Fluids," NSRDC Report 2S7S (Get 1967). Hereafter Report 2375 will be 
indicated simply as "the reference." 



cylinder is symmetric about its vertical centerplane and is either in or 

below the free surface. It undergoes forced simple harmonic oscillation 

of small amplitude in heave, sway, or roll. 

The solution to this problem was obtained by the integral-equation 

method utilizing the Green function which was represented by a pulsating 

source below the free surface.    The sources which satisfy the linearized 

free-surface condition were distributed along the contour of the cross 

section of the cylinder.    The unknown strengths of the distributed sources 

were obtained by satisfying the kinematic boundary condition on the cy- 

linder.    To solve the integral equation, Frank employed an approximation 

by replacing the continuous source distribution with a finite number of 

sources.    This approximation amounts to replacing the cylinder contour by a 

finite number of small straight-line segments along each of which the 

source density is assumed to be constant.    The accuracy of this solution 

therefore depends on the number of source points on the cylindrical con- 

tour. 

The program is written in Fortran IV and consists of five subroutines 

ind one function supporting the main program.   The program can handle in 

one run any desired number of cylinders for various depths of submergence 

and various frequencies of oscillatitn in heave, sway, or roll.   This 

report provides detailed instructions for preparing the input data to the 

program and a description of the output generated by the program.   The 

Hereinafter, "in" or "below" the free surface will be referred to as 
"floating" or "submerged," respectively. 
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limitations of the program and some necessary precautions in using it are 

also given.   The user is strongly advised to read the Remarks section care- 

fully before using the program. 

TERMINOLOGY 

In order to facilitate reader comprehension of the precise meaning 

of the terms used in the text, the following definitions are given below: 

1. Added mass and damping - for bodies in water undergoing oscillations 

due to an external force F   sin wt in the x-direction, the equation of 

motion can be given by: 

(M + m) x + bx + kx = F   sin wt 
o 

where M is the body mass, 

k is the spring constant (or restoring force coefficient), 

x is the displacement of the body from its mean position, and 

a) is the radian frequency of oscillation. 

As used in this equation, m is called "added mass" and b is called "damp- 

ing."   These quantities are used here for the case of two-dimensional cy- 

lindrical cross sections and therefore represent the added mass and 

damping per unit length of the cylinder. 

2. Beam - the beam of a floating cylinder is the width of its cross 

section at the mean waterline when the cylinder is at its mean position 

(see Figure 1).   The beam of a submerged cylinder is the maximum width of 

its cross section (see Figure 2). 

3. Draft - the draft of a floating cylinder is the vertical distance from 

the keel to the mean waterline (see Figure 1).   The draft of a submerged 

cylinder is the maximum height of the cross section (see Figure 2). 



4. Floating cylinder - this is a cylinder located in the free surface as 

shown in Figure 1. As far as the computation of hydrodynamic quantities 

are concerned, the shape of the cylinder above the waterline can be 

arbitrary. 

5. Submerged cylinder - this is a cylinder below the free surface as shown 

in Figure 2. 

Cylinder 
Contour 

Figure 1 - Floating Cylinder 

Depth of 
Submergence 

Draft 

•Beam  r t 

Figure 2 - Submerged Cylinder 

PROGRAM DESCRIPTION 

The program is written in Fortran IV. The program has four major 

cycling loops. The order of the cycling process is as shown in Figure 3. 
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1 
■ 

CYLINDERS 

MODES 
Heave, Sway, or Roll 

DEPTHS 

TREQUENCIES 

Figure 3 - Order of Cycling Process 

The program consists of the following subroutines and functions: 

MAIN - This program reads in input data and prints out output results. It 

serves as a control center to interrelate the supporting subroutines. 

SHAPED - This subroutine computes the geometric quantities, such as the 

length and tangient angle for each segment of the cylinder contour, which 

are transmitted to Subroutines FIND and FREQ through common statements. 

The length quantities are nondimensionalized by the half-beam for a 

floating cylinder and by the half-draft for a submerged cylinder. 

SING - This function assigns the positive sign to heave motion and the 

negative sign to sway and roll motions. This distinction of signs for 

different modes of motion stems from the symmetric or asymmetric property of 

the flow about the cylinder. 

FIND - This subroutine computes the normal derivatives of the logarithmic 

singularities on the cylinder contour (see Equations (35) and (42) in the 

reference). 



FREQ - This subroutine computes the source strengths on the contour seg- 

ments, the pressure in phase with the acceleration of the motion, the 

pressure in phase with the velocity of the motion, the added mass, and the 

damping. 

DAVID - This subroutine calculates the principal-value integral of the 

type 

(■a e" 
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as shown in Appendix A of the reference. 

MATNIV - This subroutine solves for X in the linear algebraic equation 

AX = B by means of a matrix inversion. 

Figure 4 is a block diagram showing the interconnection between and 

the process order of the foregoing main program and subprograms. 

PROGRAM INPUT 

The input setup is shown in Figure 5 and an example is given in 

Figure 6.    The explanation of each card is as follows: 

Cards 1-4 - TITO; TITO; TITA; TITV;  (12A6 each): 

These are titles that are printed out just before the computed 

output of the program.    They may be used to describe the subject investi- 

gated by the program (see the section on Program Output).   These four 

cards provide a space for a maximum of 288 letters or characters.    Blank 

cards should be provided if no titles are desired. 

Card 5 - NOK, MAXB, NH;  (316): 

NOK is the number of frequencies at which the hydrodynamic quantities 

will be computed.    A maximum of 50 frequencies may be provided.   MAXB is 



THE NUMBERS IN THE ABOVE INDICATE THE PROCESS ORDER 

BIS CALLED BY A 

INFORMATION FROM C 
Dl    IS GIVEN TO p VIA cl—M D        

I     I i      I    COMMON VARIABLES 

Figure 4 - Program Organization 
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END OF FILE CARD 

/ 

L 
A- 
r MODE - 0 (16) 

#13 

TITLE (12A6)' #12 

MODE (16) 

/ YA(J) (^F12.7) 

/ XA(J) (5F12.7)* 

/ MD.NON (216) 

/ DEP(J),CR (5F12.7)*  * 

/ CAY(K) (5F12.7)* 

#11 

#10 

#9 

#8 

/NOK,MAXE,NH (316) 

/lITV (12A6) 

/TITA (12A6) < 

/lITD (I2A6) 

/TITO    (12A6) 

#5 

#4 

$DATA 

More than one card may be needed • 

This setup Indicates a case In which only one mode 
is being calculated. 

■ 

This setup indicates a case in which only one Cylinder 
is being handled. 

Figure 5 - Input Setup for YFA4 
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Column Nor- 

Card No. 

I 
1 
2 
3 
4 
5 

6 

7 

8 

9 

-►6 12 18   24 36 48 60 

10 

11 

12 

13 

TESTING OF W. FRANK 2-D CYLINDER PROBLEM 

EXAMINATION OF ADDED MASS FOR TRIANGULAR CYLINDER 

2     0|     1 

.15 0.25 

.50 0.0 

1     13 

0.0 0.19635 0.39270 0.58905 0.78540 

0.98175 1.17810 1.37445 1.57080 1.37445 

1.17810 0.78540 0.39270 0.0 

-2.0 -1.75 -1.5 -1.25 -1.0 

-0.75 -0.50 -0.25 -0.000010 -0.000008 

-0.000006 -0.000004 -0.000002 -0.0 

SUBMERGED TRIANGULAR CYLINDER - HEAVE 

0 

Figure 6 - Listing of Sample Data Cards 
(Cards are set up for the output shown 
in Figures 9 and 10.) 

■ 



an integer number which is an argument of the variable XA so that XA (MAXB) 

corresponds to the half-beam of the cylinder, (See Card 9 for the 

definition of XA.) The input for MAXB is used only for the purpose of ob- 

taining the half-beam and the sectional area coefficient of the cylinder. 

These data have no effect on the hydrodynamic quantities. NH is the number 

of different depths of submergence of the cylinder to be studied. If only 

a floating cylinder is to be considered, then NH = 1. A maximum of ten 

depths may be provided. 

Card 6 - (CAY(K), K = 1, NOK); (5F12.7): 

CAY(K) are the nondimensionalized frequencies to be run and are 

defined by 

(i) a 

CAY -— 

where u is the radian frequency, 

a is the half-beam for a floating cylinder, 
is the half-draft for a submerged cylinder, and 

g is the gravitational acceleration. 

The quantities used to determine CAY can be in any consistent 

dimensional units. The program can handle zero- and infinite-frequency 

cases by letting the values of CAY be zero and a negative number, 

respectively. More than one card will be necessary if NOK > S. 

Card 7 - (DEP(J), J = 1, NH), CR; (SF12.7): 

DEP(J) are the values of the depths of submergence for the sub- 

merged cylinder. (For the floating cylinder, NH«1 and DEP(l) ■ 0.0). They 

are measured from the free surface to the top of the submerged cylinder 

(see Figure 2) in the same scale unit as used for the cylinder dimensions. 

The data for DEP(J) may require more than one card if NH > 5. CR is the 

10 
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negative vertical distance from the center of rotation to the free surface 

for a floating cylinder or to the intersection of the vertical line of 

symmetry and the upper contour of the cylinder for a submerged body.    CR 

is needed only when roll motion is considered.    If a roll motion is not 

considered, the user should provide a zero value for CR. 

Card 8 - MD, NON;   (216): 

MD is a control integer whose value depends on whether the cylinder 

is floating or submerged.    MD = 1 for a submerged body and MD = 2 for a 

floating body.    NON is the number of segments to be taken on the right-half 

of the body contour.    To determine the number of segments, see Section III 

of the Remarks.    The maximum number of segments is 45. 

Card 9 -  (XA(J), J ■ 1, NUT);  (5F12.7): 

These are the horizontal offsets of the end points of the line seg- 

ments located on the cylinder contour.   These are measured from the 

vertical line of symmetry.   The scale unit of these data can be arbitrary, 

provided all other length scales involved for the input data are con- 

sistent.   The value of NUT is internally defined as NUT = NON+1 where NON, 

the number of segments on the half-cylinder contour, was read in on 

Card 8.    Since the present program is capable of treating only symmetrical 

cylinders, the X-coordinates of the points on the body contour are given 

only for the right-hand side of the cylinder contour.   These values should 

be given as positive numbers.   The first input point XA(1) must be that of 

the intersection of the vertical line of symmetry with the bottom contour 

of the cylinder and should always be given by XA(1) « 0^ The remaining 

points are read in the counterclockwise direction around the contour.   The 

last point should be the intersecting point of the calm waterline and the 

' 11 



cylinder contour for a floating cylinder or the intersection point of the 

vertical line of symmetry and the upper contour for a submerged body. The 

foregoing description is shown in Figure 7. Several cards may be needed 

to provide the input data for XA(J). 

Card 10 - (YA(J), J = 1, NUT); (SF12.7): 

These are the vertical offsets of the end points of the segments on 

the cylinder contour. They form ordered pairs of offsets with the XA(J) 

values. As shown in Figure 7, the YA points for a floating cylinder are 

measured from the free surface, and the YA points for a submerged body are 

measured fron the intersection of the vertical line of symmetry and the 

upper contour of the cylinder. Note that for either case they will be 

entered into the program as negative numbers or zero. 

Card 11 - MODE; 1(6): 

MODE is a control variable whose value depends on the type of 

oscillation. MODE = 1 for heave, MODE = 2 for sway, and MODE = 3 for roll. 

Card 12 - TITLE; (12A6): 

The information contained on this card is printed out as a title on 

the program output. Its primary purpose is to describe the specific 

geometric shape that the input represents. It may also be used to emphasize 

the mode that is being considered (see the section on Program Output). 

If more than one mode of motion is to be considered, the user should 

provide additional sets of MODE and TITLE cards just after Card 12. For 

example, if the user wants to consider sway and roll motions in addition 

to heave motion, he has to provide four more cards after Card 12. The 

first extra card should give 2 for MD, the second should describe the mode 

for sway condition, the third should give 3 for MD, and the fourth should 

-describe the mode for roll condition. 

12 
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XA (NUT).HALF BEAM) 
YA (NUT)-0.0 I 

fXA(l)-0.0 | 

lYA(l)--(DRAFT)) 

XA (NUT)-0.0 
YA (NUT) = 0.0 

a. Floating Cylinder b. Submerged Cylinder 

Figure 7 - Description of Coordinates 

IS 
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Card 13 - MODE; (16): 

This is the entry point for a new cylinder. The variable MODE is 

used not only for designating the different modes of the oscillation but 

also for transferring to a new cylinder, if any, after all the desired 

results have been obtained for the preceding cylinder. This transfer is 

accomplished by assigning MODE equal to a negative integer to indicate that 

there is another set of data cards for a new cylinder. The new geometry 

would be read in starting with Card 5. If MODE = 0, it means that the 

desired computations have been completed and thus the program should call 

STOP. 

PROGRAM OUTPUT 

A typical sample printout for the case of a submerged triangular 

cylinder is shown in Figures 8 and 9. 

Figure 8 shows the input data and geometric characteristics of the 

cylinder. This output page is printed out each time a new geometry is 

provided. The first two lines are the printout of the input title data 

TITO, TITD, TITA, and TITV. (See Input Cards 1-4), where TITD and TITV 

were inputed as blank cards. 

The third and fourth lines are the internally executed printout. 

Under the heading of INPUT VALUES is the printout of the input values. 

The variables MD, NON, NOK, CR, CAY, and DEPTHS (DEP) have already been 

defined in the program input. Below these input values are the coordinates 

XA(J) and YAGJK where XA and YA are as explained under program input. 

AREA COEFFICIENT is defined by the cross-sectional area divided by the area 

of a rectangle with the same beam and draft as the inputed cylinder. 

14 
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Figure 9 is a typical example of the output of the hydrodynamic 

quantities.    The first line is the printout of the input data of the TITLE 

card (see Card 12 of program input).   This line plus the second line 

giving the depth ratio H/D (H is the depth of submergence as shown in 

Figure 2 and D is the half-draft of the body) is printed out for each 

depth.    After these lines come the sets of output data for each frequency 

of oscillation.    The CAY value is the same as described in the program 

input (see Card 6).    NONWL is the nondimensional wave length which 

represents the ratio of the oscillation generated outgoing wave length to 

the half-beam (half-draft) for a floating (submerged) cylinder.    This value 

provides the general idea of the magnitude of the oscillation frequency. 

The nondimensional added mass coefficient AMC is defined as the added mass 

(or added roll moment of inertia) per unit length of the cylinder divided 

by pA.   The nondimensional damping coefficient DFC is defined as the damp- 

ing per unit length of the cylinder divided by puA.    The quantities in the 

divisor are defined as: 

p = density of fluid, 

a) = radian frequency of oscillation, 

JL (half-beam)    for a floating cylinder in heave or sway. 
2 

TT (half-draft)^ for a submerged cylinder in heave or sway. 

L (half-beam)    for a floating cylinder in roll. 

JL (half-draft)    for a submerged cylinder in roll 
2 

WVH is the ratio of the outgoing wave amplitude to the motion amplitude. 

IS 



TESTING OF W.   I-RANK  2-0 CYLINDER PROBLEM 

EXAMINATION OH AOOED  MASS   FOR  TRIANGULAR  CYLINDER 

SUBMERGED CYLINDERS   OSCILLATING UNDER   THE  FREE   SURFACE 

H/D  =  DEPTH  TO  TOP   OF   BODY  /  HALF  CRAFT 

INPUT   VALUES 

MD  »     1 NON »   13 NOK CR  =       0. 

CAY  VALUES 

0.1500C00      0.25G00OO 

DEPTHS 

0.5000000 

ABSCISSAS OF CYLINDRICAL  CROSS SECTION 

0. 
0.98175 
1.17810 

0.19635 
1.17810 
0.78540 

0.39270 
1.37445 
0.39270 

0.58905 
1.57080 
0. 

0.78540 
1.37445 

ORDINATES OF CYLINDRICAL CROSS SECTION 

-2.00000 
-0.75000 
-0.00001 

-1.75000 
-0.50000 
-O.fOOOO 

-1.50000 
-0.25030 
-0.00000 

-1.25000 
-0.00001 
0. 

-1.00000 
-0.00001 

HALF  BEAM • 
DRAFT  ■ 

AREA COEFFICIENT  - 

1.57080 
2.00000 
0.50000 

Figure 8 - Geometric Output 

. 
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SUBMERGED TKIANGULAR CYLINDER -  HEAVE 

HEAVING OSCILLATIONS,   H/0 0.50000 

CAY  =       0.1500 NONWL = ^1.8879 

AMC  « 5.73358       DFC  » 3.53881       WVH  « 

PRESSURES  IN  PHASE WITH ACCELERATION 

0.33350 
0.25516 

-0.55365 

0.33592 
0.19750 

-0.71550 

0.32991 
0.08275 

-0.79729 

0.31565 
-0.22434 

PRESSURES   IN  PHASE  WITH VELOCITY 

•0.24004 
•0.34937 
•0.83210 

-0.25312 
-0.39421 
-0.92313 

-0.26985 
-0.47U2 
-0.96914 

-0.29061 
-0.64755 

DETERMINANT •    0.85849593E-18 

CAY ■       0.2500 NONWL = 25.1327 

AMC >        2.01477      OFC - 5.19088 

PRESSURES  IN  PHASE WITH ACCELERATION 

WVH 

0.71930 
0.78395 
0.28514 

0.74604 
0.76987 
0.16480 

0.76539 
0.71910 
0.10291 

0w7850 
0.52156 

-0.01347 
-0.79080 

PRESSURES  IN  PHASE  WITH VELOCITY 

0.05588 0.03895 0.01639 
•0.10926        -0.19286 -0.35562 
•1.30621        -1.57200        -1.70890 

DETERMINANT »    0.12779346E-17 

Figure 9 - Hydrodynamlc Output 
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0.50014 

0.29184 
•0.38084 
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The pressures in phase with the motion acceleration and velocity 

shown in the output are the pressures on each segment of the half-contour 

of the cylinder cross section starting from the bottom segnent and pro- 

ceeding in a counterclockwise direction. The values are the pressures 

divided by pg h (where h is the amplitude of the oscillation) and are to 
o      o 

be read row by row. The value of DETERMINANT is a scaled value of the 

determinant of the matrix coefficient used in determining the source 

strengths on the cylinder contour (see Equation (23) of the reference). 

The significance of the value of DETERMINANT is explained in Section II of 

REMARKS. 

REMARKS 

CORRECTIONS TO REPORT 2375 

The following changes are corrections to typographical errors and 

do not affect the numerical results. The corrections are indicated by 

asterisks. 

Correction Page 

8 

14 

Equation No. 

(26) 

(27) 

N 
I  pW (...y.;,) nW |S*| 

i-l 

i-l 

♦ - B. sin (kirx/B) sinh (kiry/B) 
k  k 

P.V.f I —dk 
J    v - k 
o 

14 (31) ■ tt e-1^"" 
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Page  Equation No 

14 

Correction 

(32)   On second and fourth lines the right side 
of the equation add: 

(Ziri      x - C > 0 
for 

0      x - C < 0 

15 (33) 

Ln=l 9 - 2IT    x-c<0 J 

15 

16 (35) 

r r sin(ne) 
S(r,e) = I  i-i + 

n=l n • n! 

9      x-^>0 
for 

9 - 2Tr    x-C<0 

jtl. (log (z-C) — 

20 (42)   If we rewrite Eq. (42) in the form of 

*(m) -JL I   Q, R (G } cos »t 

j-1 

N 
- Q  R {G^} sin ut, then the 
L   Vj e  2 

corrected form should be 

N N 

.(m) [i   L Qj VG1}- ^ QN+J VG2}1C0S ^ 
L21rj.l        j-l J 

li 1 N 

I 
j-l 

+ '-   I   QN+j
Re{Gl}+   I   SVS^ sin ut 

j-l 

'   ■ •■~—~*mrmmmmr •mmmmmmmmmm**. 



LIMITATIONS OF THE PROGRAM 

Irregular Frequencies 

As describe'1 on page 9 of the reference, there exists for a given 

floating cylinder a set of discrete frequencies at which the described 

theory fails to give a correct solution.    Such frequencies are called 

"irregular frequencies."   An approximate formula to find these frequencies 

is given by 

cot h (JTrd/B)   , j = 1,2 

where g is the gravitational acceleration, 

B is the beam of the cylinder, and 

d is the draft of the cylinder. 

If the value of either DETERMINANT or some other computed value 

shows sudden discontinuities when plotted versus frequency, the user should 

regard this as due to the irregular frequency problem and thus should 

discard all results of these discontinuities. 

Unsuitable Cylinder Forms 

The present program cannot handle certain cylindrical forms 

primarily because of the limitation of the built-in function for the arc 

tangent which is called ATAN2 (X,Y).    The range of the angle defined by 

this function is -Tr<9<it.    When X < 0 and Y approaches zero, the value of 

the ATAN2 function can either approach n or -IT depending on the direction 

of the approach.    This sensitivity of ATAN2 coupled with roundoff error can 

cause a large error in the computed results of the present program.   The 

following case provides an example: 



• 

X < 0 

/ A+A\ 
Y = A- f 1 

2 / 

If A is a floating number, the value of Y could be either Y > l.E-38 or 

Y < -l.E-38 depending on computer facilities (referring to IBM 7090). 

The former case ATAN2(X,Y) = IT, and the later case ATAN2 (X,Y) = -IT. 

In the following two cases, the program may produce wrong results: 

1. The cylinder has horizontal lines as part of its top contour 

(see e.g., Figure 10) and the user's computer yields 

'A+A> 

(T)— ■l.E-38 
2 

where A is a floating number. 

2. The cylinder has horizontal lines as part of its bottom contour 

(see e.g., Figure 11) and the user's computer yields 

/A+A\ 
Y =f J -A > l.E-38 

The following remedies are suggested whenever the user encounters 

the above two cases: 

Case 1 - Replace the horizontal lines on the top contour by the 

dotted lines as shown in Figure 10 and provide the coordinate data for XA 

and YA (see Input Cards 9 and 10) based on the modified shape. 

Case 2 - Replace the horizontal lines on the bottom contour by the 

dotted lines as shown in Figure 11 and provide the coordinate data for XA 

and YA based on the modified shape. 

• 

1 

T^- 



The present program cannot treat cylinders which have two or more 

points on their half-section boundaries having identical vertical 

coordinates. Some examples of such cylinders are shown in Figure 12. 

DETERMINATION OF NUMBER OF BODY SEGMENTS 

There is no definite rule to determine how many segments are 

required to obtain results that are sufficiently accurate. As more seg- 

ments are provided, the results become more accurate. A trial-and-error 

method must be used by the user to determine how many segments will yield 

the desired accuracy. The use of a large number of segments should be 

avoided as the time, and thus the cost, increases roughly with the square 

of the increase in segment numbers. 

Nine segments of equal circumferential length have been found to 

yield satisfactory results for a floating semicircular cylinder. Twelve 

segments have proved satisfactory for a submerged rectangle. Because the 

source strengths are averaged over each segment, it should be noted that 

for extreme cases, such as rectangular bodies, the segment lengths should 

be smaller near the sharp comers. The user should never use less than 

six segments for a floating cylinder or less than ten for a submerged cy- 

linder. 

ESTIMATED COMPUTER TIME 

It is always a difficult task to provide an accurate estimate of 

the running time of a computer program. The present program is no ex- 

ception and the difficulty is increased because of independent variables 

involved. These include the number of segments on the body, frequencies, 

depths of submergence, modes of motion, and cylinder shapes. Under such 

^^■■■■■■■■1 
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YA 

f-l.E-46 

Figure 10 - Alteration for 
Upper Horizontal Contour 

YA 

«, ^ «-1.E-0.6 

Figure 11 - Alteration for 
Lower Horizontal Contour 

Figure 12 - Cylinder Forms Unsuitable for 
Program YFA4 
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circumstances, the best rough estimates that can be provided are based on 

experience with the IBM 7090 computer at NSRDC. The suggested formula for 

the IBM 7090 which gives the computer time in minutes for a given cylinder 

is: 

2 
N 

0.1 (A x B x C)(—) + 1.5 

where A is the number of frequencies, 

B is the number of depths of submergence, 

C is the number of modes of motion, and 

N is the number of segments on the half-contour of the cylinder 
cross section. 
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I    MAIN PROGRAM — YFA4 

DIMENSION XAU6)»YAU6) 
COMMON PI»HPI»QPI»TPI»MD»MODE»DPH»CR»RAT»SUR»DEGiJERKtDRT»HBMfS6fN 
10E*PDM*V0LfDEW>UNt0MEGA»CP(WVHtID»D0G*lG»SEN(46)>CES(46)(XX(45)»YY 
2U5)*DELU3)fSNE(45)»CSEU5)tFRU5)*BLOGUS*4S)*YLOGU5*43)*CON(90 
3.1)»CT(90I90).PSI1(45»45)»PSI2(45I45)»PRA(45»»PRV{45IIDEP(10) 

C0MMON/GR/NOK»NUTiNON»TITLE(12)»TlT0ll2)»CAY(50).AMC(50)»DFC(50»tX 
1(46)fY(46) 
COMMON/FQ/K 
COMMON/TT/TEST 
CüMMON/GRPH/TITO(12)»D£T(5ü|»LADtLDT»TITA(l2) »TITV(12) »PAIC(5Ü)»PVK 
l{5U).PAS(5ü)»PVS(5Ü)tLPV 
COMMON/SHP/MAXBtDUL(45) 
COMMON/MOD/FI5)»D(5) 

1 FORMAT 11216) 
2 FORMATI5F12.7) 
3 FORMAT(12A6) 
4 FORMAT(////6ÜH     SUBMERGED CYLINDERS OSCILLATING UNDER THE FREE 
1 SURFACE//6Xt4UH H/D » DEPTH TO TOP OF BODY / HALF DRAFT) 

5 F0RMAT(39H0    TRANSFORMATION NOT DEFINED - STOP) 
6 FORMAT(24H0    MATRIX IS SINGULAR) 
7 F0RMATI34H0    HEAVING OSCILLATIONS» H/D » F10.5) 
8 F0RMAT(34H0    SWAYING OSCILLATIONS» H/O ■ F10.5) 
9 FORMAT133HO    ROLLING OSCILLATIONS ABOUT Fl0.5»8H H/D ■ F10.5) 

• 10 F0RMAT(12H0    CAY ■ F8.4»ll3lH    NOHWL - F8.4) 
11 F0RMATI12H0    AMC ■ Fl0t5»9H  DFC ■ F10.5»9H  WVH ■ Flu.5) 
12 F0RMAT(42H0    PRESSURES IN PHASE WITH ACCELERATION//) 
13 F0RMAT(5F12.5) 
14 FORMAT(38H0    PRESSURES IN PHASE WITH VELOCITY//) 
29 FORMAT(2ÜH0    DETERMINANT ■ E15.8) 
34 F0RMAT(6X.14HSTRUT DEPTH « F4.2»luH»  ARC « F8.4»8H DEGREES/6X»20 

1HDFC = 0.Ü FOR CAY » F4.2) 
35 F0RMAT(lH0fl2X»12HHALF BEAM « F10«5/17X»8HDRAFT « F10.5/6X»19HAREA 

1 COEFFICIENT » F10.5) 
36 F0RMAT(1HÜ,5X»38HABSCISSAS OF CYLINDRICAL CROSS SECTION//) 
37 F0RMAT(IHU,5X.38H0RDINATES OF CYLINDRICAL CROSS SECTION//) 
42 FORMAT«1H0.5X»42HIMPULSIVE SURFACE CONDITION» NU VERY LARGE) 
52 FORMAT(////61H     SEMISUBMER6ED CYLINDERS OSCILLATING IN THE FRE 

IE SURFACE) 
34 F0RMAT(5H MD =»I3»4X. 6H NON «»I3»4X>6H NOK >»I3»4X 

1»5H CR ^9.4) 
65 FORMAT(2H1 »12A6) 
66 F0RMAT(///2X»11H CAY VALUES//(5F12«7)) 
67 FORMAT«/// 2X»13H'lNPUT VALUES///) 
68 F0RMAT(//2X»7H DEPTHS//(5F12.7)) 
69 F0RMAT(2H1 »12A6//) 
70 F0RMAT(2X»////) 
71 FORMAT(2H1   ) 

PI"3^1415927 
HPI«.5*PI 
QPI«.5*HPI 
TPI«2«»PI 
F(l)«0.52175561 
F(2)"0*39866681 
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F( 31 •()• 075942450 
F(4)«0«003611758 
F(5)■0.000023369972' 
D(II«0.26356032 
D(2)"l.4134031 NOT REPRODUCIBLE 
D(3)«3«5964258 
D(4)*7«0898100 
D(5)«12«640801 
READ(5t3MTlTO(J)*J«ltl2) 
READ(5.3)(TITDU)»J«l»12) 
READ(5.3)(TITA(J)»J«1»12) 
READ(5»3)(TITV(J)»J»ltl2) 
WRITE(6»65) (TIT0(J)»J»1»12) 
WRITE(6t3)(TITD(J)tJ«lfl2) 
WRITE(6»3)«TITA(J)»J-lfl2) 
WRITE(6*3)(TITV(J)*J«ltl2) 

59 READ(S»I) NOKtMAXBfNH 
READ(5.2)ICAY(K!»K«1»N0K) 
READ<5»2)(DEP(J)tJ«liNH)fCR 
READ(5»1) M0»NON 
NUT-NON+l 
REA0(5t2) {XA(J)»J«liNUT) 
READ(5t2) (YA(J).J«lfNUTJ 
GO TO (61»62)»MD 

62 HBEAM«XA(Nun 
GO  TO 63 

61 HBEAM-XA(MAXB)-XA(1) 
63 AREA«0.0 

00  64 J-ltNON 
XX(JI«.5*<XA<J)+XA{J+in 
XINT»XA{J-H)-XA(J) 
YINT«YA(J+1)-YA(J) 
DA«YINT*XX(J) 
AREA»AREA+DA 
DUL(J)«SORT(XINT»*2+YINT*»2 ) 
SNEIJ)»YINT/DUL(J) 

64 CSE(J)=XINT/DUL(J> 
DRAFT«YA(NUT)-YA(1) 
AREA«AREA/(HBEAM»DRAFT) 
GO TO (50t51)»MD 

51 WRITE(6»52) 
GO TO 53 

50 WRITE(6»4) 
53 WRITE(6»67) 

WRITE(6t54) MDfNONtNOKtCR 
WRITE(6*66) (CAY(K)tK-l»NOK) 
WRITE(6f68i (DEP(J)*J-1»NH) 
WRITE(6»36) 
WRITE(6*13) (XA(J)IJ«1INUT) 
WRITE(6t37) 
WRITE(6il3l (YA(J)»J»1»NUT) 
WRITE(6t35) HBEAM»DRAFT»AREA 

38 READ(5.1) MODE 
IF(MODE) 40»40>41 

41 READ(5*3)(TITLE(J)fJ>ltl2) 
DO 20 I5«1.NH 

27. 
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WRITE(6f69) (TITLE(J)fJ«ltl2J 
PPH=DEP(I5I 
DO 78 Jel«NUT 
X(J)-XAIJ) 

78 Y(J)=YA(J) 
17 CALL SHAPED 
18 CALL FIND 
?2 GO TO(21»22»23)»MODE 
21 WRITE(6t7)DPH 

GO TO 24 
22 ,',RITE(6»8)DPH 

GO TO 2* 
'3   '•lRITE{6i9ICR»DPH 
24   V.'RITE(6»70) 

DO 20 K«l»NOIC 
U^I»CAY(K)/PDM 
OMEGA=SORT(ABS(UM)) 
WLr! = 2.*PI/AflS(CAY(K)) 
'■'M = CAY(K)/DRT 
IF(UN)43»44t44 
VfRITEI6t42) 
GO  TO 45 
WRITE(6»10)   CAY(K)»WLN 
CALL FPEO 
in«iD 
GO   TO(?5»28)iID 
l','RITE(6»6) 
GO  TO 48 
"i;lTE(6»ll)AMC(K) tDFClKI »WVH 
'-.'RI TEC 6» 12 J 
WKITE(6»13)(PRA(J)»J"l»NON) 
V»RITEf6il4) 
WRITt(6»13)(PRV(J)»J«liNON) 
|.,R1TE(6#29)D0G 
PAK(K)«PRA(1) 
PVKIK)»PRV(1) 
PAS(K)«PRA(MON) 
PVS(K)8PRV(NOM) 
IF(UM)A6»46»47 

bfi   DFT(K)«0.0 
GO TO 48 

'•7 nF.T(K)=DOG 
48 WRITE(6»7ü) 
70 COMTIMUE 
77   GO TO 38 
AO «•/RITE(6»71J 

IF(MÜDE.LT.O) GO TO 55 

STOP 

43 

44 
A 5 

78 

25 

NOT REPRODUCIBLE 
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SUBROUTINE SHAPED 

15 

10 
53 

54 

21 

22 

24 

25 

26 
29 
33 

30 

31 

27 
32 

28 
34 

35 

36 
37 

COMMON Pl.HPl,QPI,TPlfMD»MODE»DPH,CRiRATfSUR»DEG»jERK»DRT»HBM»SG»N 
10EfPDM.V0L»DEW.UN.0MEGA»CP.WVH,ID«D0G»IG»SEN(46)»CES(46)»XX(45)»YY 
2U5ltDEL(45)»SNE{45)»CSE{45).FRU5)»BL0G(45f49»»YLOGU5»45)»C0N(90 
3tl)»CT(90»90>»PSll(45»45)»PSl2(45»45)|PRA(45)»PRV(45) 
COMMON/GR/NOK»NUT»NON»TITLE(12)»TITO(12)»CAY(50)»AMC(50)»DFC(50)|X 

l(46i»Y(46) 
C0MM0N/SHP/MAXB»DULI45) 
JERK-1 
KAB"MAXB 
GO TO  (10.15).MD „ftnl\C\B\-t 
D=X(NUT) NoT RtPR00UCl 

DPH«OtO 
GO  TO 53 
Da.5*(YlNUT)-Y(l)) 
DO 5A J«1»NUT 
X(J)«X(J)/D 
Y(J)«Y(J)/D 
DRT-D 
HBM«X(KAB» 
CP=CR/D 
IF(DPH)   24.24f21 
DPH«DPH/D 
DO  22  J»1»NUT 
Y(J)=Y(J)-DPH 
NUT«N0N+1 
DO  25 J»1»N0N 
XX(J)"«5*(X(J)+X{J+1)) 
YY(J)».5*(Y(J)+Y(J-H) ) 
DEL(J)«DUL(J)/D 
S6=SING(M0DE) 
N0E«2»N0N 
GO  T0(26»27»28)»M0DE 
DO 29 J«lfN0N 
FR(J)«CSE(J) 
PDM=1.0 
DEW»1. 
GO  TO  {31»30)»MD 
VOL«HP I 
GO  TO 37 
VOL'PI 
GO  TO 37 
DO 32  J«1»N0N 
FR(J)«-SNE(J) 
GO TO 33 
DO  34 J«liNON 
FR(JI«(YY(J)-CP)*SNE(J)+XX(J)*CSE(J) 
DEW«HBM 
P0M«1«0 
GO TO  (36»35»»MD 
VOL»QPI 
GO TO 37 
VOL-HPI 
RETURN 
END 
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FUNCTION SING(N) 
IF(1-N)2t1*1 

1 SINOsl. 
GO TO 77 

2 SING=-l. 
77 RETURN 

END 
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SUBROUTINE FIND 

COMMON PI»HPI.QPI♦TPItMD»MODE»OPH»CR»RAT»SURfDEG»jERKtDRTtHBM»SG»N 
10E*PDM*V0L»DEW»UN»0MEGAtCP*WVH«lDtD0G*IG»SEN(46)tCES(46)tXX(45)*YY 
2(45)»DEL»45)»SNE(^5)»CSE(45)fFR(45)»BLOG(45»45)»YLOG(45t45)»CON(90 
3»l)»CT(9ü.90liPSll(45.45)»PSI2(45»45J»PRA(45)iPRV(45) 
COMMON/GR/NOK»NUT.NON»TITLE(12)»TITO(12)»CAY(5ÜJ»AMC(50)»DFC(50J»X 

1(46)»Y(46) 
DO   1   ;=liNON 
XM1=XXII)-X(1) 
YM1=YY(I)-Y(1) N 

XP1=XX(I)+X(1) ' ^fPffn 
YP1=YY{I)+Y(1) DlJClBlc 
FPR1=.5*AL0G(XM1**2+YM1*»2) tf 

FPL1=.5*AL0G(XP1**2+YMI**2J 
FCR1=.5*AL0G(XM1*»2+YP1*«2) 
FCL1=.5*AL0G{XP1»*2+YP1**2) 
APR1=ATAN2(YM1»XM1) 
APL1SATAN2(YM1»XP1) 
ACR1=ATAN2(YP1»XM1) 
ACL1=ATAN2(YP1»XP1) 
DO   1  J=l»NON 
XM2=XX(I)-X(J+1» 
YM2=YY(n-Y(J+l) 
XP2 = XX(I)+X(J+n 
YP2=YY(I)+Y(J+1) 
FPR2=.5*ALOG(XM2»»2+YM2*»2) 
FPL2=.5»ALOG(XP2*»2+YM2**2) 
FCR2=.5»ALOG(XM2**2+YP2»*2) 
FCL2=.5«ALOG{XP2**2+YP2»»2) 
APR2=ATAN2(YM2»XM2) 
APL2sATAN2(YM2tXP2) 
ACR2=ATAN2(YP2»XM2) 
ACL2=ATAN2{YP2»XP2) 
SIMJ'SNECI)*CSE«J)-SNE(J)»CSE( 1) 
ClMJBCSE(I)*CSEU)+SNE(n#SNE(J) 
SlPJ»SNE(n*CSE(J)+SNE(J)*CSE(I) 
CIPJ=CSE( I)*CSE(J)-SNE( I )»SNE( J) 
DPNR»SIMJ*IFPRl-FPR2)+CIMJ»tAPRl-APR2) 

99  PPR=CSE(J)*(XM1*FPR1-YM1*APR1-XM1-XM2»FPR2+YM2»APR2*XM2I+SNE(J)»JY 
1M1»FPR1+XM1*APR1-YM1-YM2»FPR2-XM2»APR2+YM2) 
DPNL»S IP J* (FPL2-FPL1) +CIP J» (APL2-APL1) 
PPL=CSE(J)*<XP2*FPL2-YM2»APL2-XP2-XPl*FPLl+YMl»APLl+XPl|'fS^EU)*(Y 
1M1*FPL1+XP1*APL1+YM2-YM2»FPL2-XP2«APL2-YM1) 
DCNR»SIPJ»(FCR1-FCR2)+CIPJ*(ACR1-ACR2) 
PCR»CSE(J)*(XM1*FCR1-YP1*ACR1-XM1-XM2«FCR2*YP2»ACR2'»'XM2)*SNE(J»»JY 
1P2»FCR2+XM2*ACR2+YP1-YP1*FCRX-XM1»ACR1-YP2J 
DCNL»S IMJ* (FCL2-FCLI) +CIM J» (ACL2-ACLI) 
PCL»CSE(J)»(XP2*FCL2-YP2*ACL2-XP2-XPl»FCLl>YPl»ACLl'»-XPll+SNE(JI»<Y 
1P2»FCL2+XP2»ACL2-YP2-YP1*FCL1-XPI»ACL1+YP1) 
BLOG (I . J) «DPNR+SG»DPNL-DCNR-SG»DCNL 
YLOG (I f J) «PPR+S6»PPL-PCR-SG*PCL 
IF(J-NON)2»lfl 

2 XM1-XM2 
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YM1-YM2 
XPI-XP2 
YP1-YP2 
FPR1-FPR2 
FPLI-FPL2 
FCR1-FCR2 
FCL1-FCL2 
APR1-APR2 
APL1-APL2 
ACR1-ACR2 
ACL1-ACL2 

1 CONTINUE 
RETURN 
END 

. 
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SUBROUTINE FREQ 

COMMON PI»HPI»QPIITPI.MD»MODE»OPH»CR»RAT»SURtOEGtjERK»ORT»HBM»SG»N 
10EtPDM»VOL»DEW.UN»OMEGA»CP.WVH»IO»D06fIG»SEN(46)tCES(46)»XX(45)»YY 
2'.45»»DEL(45)»SNE(45)fCSE(^5)»FR(45»fBLOG(45»45J»YLO6(45»45J»C0N<90 
3.1)»CT(90f90).PSim5.45).PS12U5»45)»PRAU5JiPRVU5) 
COMMON/GR/NOK»NUT*NON»TITLE(12)»TITO(12)tCAY(50)»AMC(50)»DFC(SO)»X 

1(46)»Y(46) 
COMMON/FQ/K 
COMMON/TT/TEST 
IF(UN)8*9»10 

8 DO 11 I-lfNON 
DO  11  J-1»N0N NOT REPRODUCIBLE 
CT(I«J)"BLOG(I»J) 

11 PSil(I»J)«YLOG(I»J) 
60 TO  14 

9 DO   12   I>1»N0N 
xMiexxm-xm 
XP1-XX(I)4-X(1) 
YPl«YY(IKY(l) 
FCRl*«5*ALOG(XMl»»2+YPl**2k 
FCL1««5«AL0G(XP1*»2+YP1»«2) 
ACR1»ATAN2(YP1»XM1) 
ACL1«ATAN2(YP1»XP1) 
DO  12   J«1»N0N 
XM2=XXm-XU+U 
XP2»XX(I)'»'X(J+1) 
YP2«YY(I)+Y(J+1) 
FCR2««5*ALOG(XM2»*2+YP2»*2) 
FCL2««5»ALOG«XP2*»2+YP2»»2) 
ACR2-ATAN2(YP2»XM2) 
ACL2«ATAN2(YP2*XP2) 
SIMJ>SNE(I)*CSE(J)-SNE(J)*CSE(I) 
ClMJ=CSE(I»*CSE(J)*SNE(n»SNE(J) 
SiPJ=SNE<n*CSE(J)+SNE(JJ»CSE(n 
ClPJ=CSE(I)»CSE(J)-SNE(n»SNE(J) 
DCNR«S IPJ»(FCR1-FCR2)♦€IPJ»(ACR1-ACR2) 
PCR»C'iE<J»»(XMl»FCRl-YPl»ACRl-XMl-XM2»FCR2+YP2»ACR2't'XM2)*SNE(J)»(Y 

1P2*FCR2'»'XM2*ACR2+YP1-YP1*FCRI-XM1«ACRI-YP2) 
DCNL»SIMJ»(FCL2-FCL1)+CIMJ»(ACL2-ACL1) 
PCL-CSE(J)«(XP2»FCL2-YP2*ACL2-XP2-XP1»FCLI+YP1»ACL1+XPI)+SNEU)»<Y 

1P2»FCL2+XP2*ACL2-YP2-YP1»FCL1-XP1»ACLI+YP1> 
CT(ItJ)«BLOG(I»J)+2tO»(DCNR+SG»DCNL) 
PSI1(I»J)«YL0G(I»J)+2.0*(PCR+SG*PCL) 
IF(J-NON)13fl2»12 

13 XM1-XM2 
XP1-XP2 
YP1-YP2 
FCR1«FCR2 
FCL1«FCL2 
ACR1-ACR2 
ACL 1 ^012 

12 CONTINUE 
14 DO  15   I»1»N0N 
15 CONdiD-FRd) 

CALL MATINV(CT»NON.CONil»DOG»lD) 
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GO TOil6»6)»ID 
16 DO 17 I-l»NON 

PRA(n-0«0 
PRV(I)>0«0 
DO 17 J«ltNON 

17 PRA(n»PRA(I)-CON(J»l»»PSIl(I»J) 
AMC(K)»0*0 
DFC(K)»0«0 
WVH>0«0 
DO 18 I-l.NON 

18 AMC(KJ«AMC(lO+PRA(I)»DEL(n*FR(I) 
AMC(K)>2*0*AMC(K)/VOL 
GO TO 6 

10 DO 1 1=1»NON 
Nl-NON+I 
CON(I»l)«0« 
CON(NItl)»OMEGA»FRn) 
xRi«uN»ixx(n-x(in 
YRl«-UN«(YY(n+Y{l)) 
XLl«UN*(XX(n+X(l)) 
YL1»YR1 
CALL DAVlD(XRl»YRlfEJlfCXRl»SXRltRARltRBRlfCRl»SRl) 
CALL DAVID(XL1tYLl»EJl»CXL1»SXLl»RAL1»RBL1»CLlfSLlI 
DO  1  J»1»N0N 
NJ-NON+J 
XR2»UN»(XX(n-X(J+l)) 
YRa'-UNttCYYdJ+YCJ+DI 
xL2»uN»(xx(n+x(j+in 
YL2-YR2 
CALL  DAVID(XR2»YR2»EJ2»CXR2»SXR2.RAR2»RBR2»CR2»SR2» 
CALL  DAVI0(XL2»YL2.EJ"»CXL2»SXL2.RAL2»RBL2»CL2iSL2) 
SlPJ=SNE(I)»CSE(J)+SNE(J)»CSE(I) 
CIPJ»CSE( n*CSE( J)-SNEl I )*SNE( J) 
SlMJ=SNE( n»CSE(J)-SNE(J)»CSE» I) 
CJMJ=CSE(I)»CSE(J)+SNE(n*SNtlJ» 
CT(I»J)«BL06(I»J)+2«*(SIPJ*(CR1-CR2)-CIPJ«(SR1-SR2)-SG*(SIMJ»(CL1- 

1CL2)-C!MJ»(SH-SL2))I 
PSIl(IfJJ«YLOG{I»J)+2./UN*(SNE{J)*(RARl-RAR2KCSE(JI«(RBRl-RBR2)+S 

1G*(SNE(J)»(RALI-RAL2)+CSE(J)*(RBL2-RBL1M) 
CT(NI»NJ)-CT(I*J) 
CT(I»NJ)«TPI*(EJ2*(SXR2#CIPJ-CXR2«SIPJI-EJ1»<SXR1»CIPJ-CXR1*S1PJJ- 

lSG*(EJ2«(SXL2*CIMJ-CXL2*SIMJ»-EJl»(SXLl»ClMJ-CXLl«SIMJ)n 
PSI2(I»J)«TPI/UN»(EJ1»(SXR1»CSE<J)-CXRI»SNE(J))-EJ2»<SXR2»CSE(J)-C 

1XR2*SNE(J))-SG»(EJ1*(SXLI»CSE(J)+CXL1»SNE(J))-EJ2»(SXL2»CSE<J»+CXL 
22*SNE(jm) 
CT(NI»J)»-CT(I»NJ) 
IF(J-N0N)7tl»l 

7 XR1-XR2 
YRI-YR2 
XL1-XL2 
YL1-YL2 
EJl«ej2 
CR1-CR2 
SR1-SR2 
CL1«CL2 
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SL1«SL2 
RAR1SRAR2 
RBR1-RBR2 N0T REPRODUCIBLE 
RAL1-RAL2 
RBL1"RBL2 
CXR1=CXR2 
SXR1=SXR2 
CXL1=CXL2 
SXL1-SXL2 

1 CONTINUE 
CALL MATINV(CTtNOE»CON»ltDOG*ID) 
GO TO(2»6)fID 

2 DO 3 I=l»NON 
PRA(I)=0* 
PRV(U«0« 
DO 4 J=l»NON 
NJ«NON+J 
PRA(n=PRA(n+CON(J»l)*PSI2(I»J)-CON(NJ»l)*PSll(ItJ) 

4  PRV(n=PRV(n+CON(J»l)*PSIl(I.J)+CON(NJ»l)*PSI2(ltJ) 
PRA( n=OMEGA»PRAm 

3 PRV(I)=OMEGA*PRV{I) 
AMC(K)>0«0 
DFC(K)=0«0 
DO  5   I=l»NON 
AMC(K)=AMC(K)+PRA(n*DEL(I)*FR(I) 
DFC(K)sDFC(K)+PRV(I)*DEL(n*FR(n 
AMC(K)=2.0*AMC(K) 
DFC(K)«2.0#DFC(K) 
WVH = OMEGA»SQRT(ABS(DFC (K )))/DEW 
AMC(K)=AMC<IC)/(UN»VOL) 
DFC(K)«DFC(K)/(UN»VOL» 
RETURN 
END 

m 



SUBROUTINE DAVlD(X»Y»E»C»S»RA»RBtClN»SON) 

COMPUTATION OF EXPONENTIAL INTEGRAL WITH COMPLEX ARGUMENT 
COMMON/MOD/F(5)fD(5) 
Q=3«1415927 
AT=ATAN2(X»Y) 
ARG=AT-»5*Q 
E=EXP(-Y) 
CsCOS(X) 
S=SINIX) 
R=X»»2-»-Y»»2 
AL«0.5*ALOG(R) 
A=-Y 
B=**X 
IFU.GE.O.O» GO TO 78 
IF(B«EQ.O«0) GO TO 79 

78 IF(R.GE«100.) GO TO 10 
79 TEST=0.00001 

IF(R.LT.l.O) GO TO 5 
TEST=0,1»TEST 
IF(R.LT.2»0) GO TO 5 
TEST=0.1»TEST 
IF(R.LT«4.0) GO TO 5 
TEST»0.1*TEST 

5 CONTINUE 
SUMC=0.57721566+AL+Y 
SUMS-AT+X 
TC«Y 
TS»X 
DO 1 K'ltSOO 
TO«TC 
COX«K 
CAY=K+1 
FACT»COX/CAY*»2 
TC»FACT»(Y«TC-X»TSI 
TS=FACT»(Y»TS+X«TO) 
SUMC«SUMC+TC 
SUMS=SUMS+TS 
IF(K.GE«500) GO TO 3 
IF((ABS(TC)>ABS(TSJ)«GT«TEST) GO TO 1 

3 CIN«E*(C»SUMC+S»SUMS) 
SON«E*(S*SUMC-C»SUMS) 
GO TO 4 * 

1 CONTINUE 
10 G1>0* 

G2«0« 
DO 20 I«l»5 
DEN«(-Y+D(I))*»2+X»»2 
GA«F(n»(-Y>D(I)»/0EN 
GB»F(I)»(-X)/DEN 
Gl'Gl'fGA 

20 G2«G2<-GB 
CIN»E»0»S-GI 
SON«-(E»Q»C+G2) 

4 RA-AL-CIN 
RB-AR6+S0N 
RETURN 
END 36 
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SUBROUTINE  H*TINV(»,N1,B,M1,0ETERH,I0) 
G »IVOT   M^THOn 
C MftTPiy    INVFRSION WITH  ACCOHPÄNYING SOLUTION OF SIHUL.   EQ. 
C PIVDT   METHOO 
C FO<T?AH IV SINGLE PRECISION WITH  ADJUSTABLE OINEMSIOM 
C F^qRUARY   1966       S 6000    OAVID  TAYLOR MODEL  BASIN       AN NAT«» 
C NHPRE  CALLING PR06RAN NUST   INCLUDE 
C DIMENSION  M            ),   B(            ),   INDEX«         ) 
C N           IS  THE OROFR OF  A 
C «IS  THE NUNRFR OF COLUNN VECTORS  IN B(NAY  BE  0) 
P. DETFRH  HILL CONTAIN  DETERMINANT ON EXIT 
C ID         HILL RE  SET BY  ROUTINE  TO 2  IF NATR1X A  IS  SINGULAR 
C 1   IF INVERSION  HAS  SUCCESSFUL 
C ft            THf  INPUT MATRIX  HILL  BE RFPLACEO BY  A INVERSES 
C H            THP  COLUMN VICTORS  HILL  BE  REPLACED BY  CORRESPONDING 
C SOLUTION VECTORS 
P. INHF.X  HORKING STORAGE  ARRAY 
C I?  IT  IS OESIPED TO SCALE  THE DETERMINANT CARD             HAY BE 
C OFLrT^O  i\NQ OFTERM PRESET   BEFORE ENTERING THE ROUTINE 
C 

OIMEMSION  A(qO,90),B(B0,1),INnEX(B0,31 
FlUTV/ftLFNC^   (IO0W,JR0H»,   (ICOLUM,JCOLUN) ,   (AMAX,  T,   SNAP) 

r. TMITTULIZftTIOM 
c 

^^l NOT REPRODUCIBLE 

OFTFPM  =   1,0 
in ?o j=ifM 

21   TNTTXU,!)   =  T 
HO  5=10   1=1,N 

C 
C 
C ^PA^.CH POR PIVOT  ELEMENT 

ftMAX   =   0.0 
00   IfJB  J = 1,N 
TF(IM0cx(j,3)-i)   60,   105,   60 

60  10   100  <=1,N 
TFd^O^XCK,!)-!)   «0,   100,   715 

SO   IP   ( AMflX   -A^s   (ft(J,K)>)   85,   100,   100 
^5  T?OHsJ 

ICOLUM aK 
AMAX   =   ABS   (A(J,K)) 

100     CONTINUE 
105     CONTINUE 

INOEX(ICOLUM,T)   *   INOFX(ICOLUM,1>   ♦! 
INOEX(I,l)=IROH 
IN0EX(I,2)=IC0LUM 

C 
C INTERCHANGE  ROWS TO PUT PIVOT ELEMENT  ON DIAGONAL 
C 

IF   (IROH-ICOLUM)   lUO,   310,   l»»0 
1U0  lETERMs-OETERM 

00 200 L3l,N 
SWAP=A(IROH,L) 
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A(IROHfL)=MICOLUHtL) 
200  ft(ICUUM,L)aSMAP 

IPd)   310,   310,  210 A 
?10  00   250  L = l,   H 0r £ 

SHAP = q(IROH,L) ^Ap 
R(IROW,L)=9(IC0LUM,L) ^ 

250  B(ISDLUM,L>=SHAP "Cf* 

G DIVIDE  PIVOT  ROM BY PIVOT  ELEMENT 
C 

310  PIVOT       =A(IC0LUM,IC0LUM) 
OETE?M=OETERM»PIVOT 

330 A(I30LIIM,ICOLUM»=1,0 
00 ?50 L=1,N 

350 A(ICOLUM,L)=A(ICOLUM,L)/PIVOT 
IF(H) ?Bn, 380, 360 

360 OO 370 L=1,M 
370 R(ICOLUM,L)=B(ICOLUM,L)/PIVOT 

C 
C    f^ElUSE N9N-PIV0T ROMS 
c 

380 00 550 L1=1,N 
IP(Ll-inOLUM) U00, 550, UOO 

«♦OH T = A(L1,T00LUM) 
A(Li,ii:oLUM)=n.n 
00 «»50 L = 1,N 

i»50 A(L1,L)=A(L1,L)-A(IC0LUM,L)»T 
IF(i) 550, 550, «»60 

i»6n 00 500 L = 1,M 
500 BCLl,L)=B(Ll,L)-R<IROLUM,L)»T 
550 OONTnUF 

C    INTERCHANGE COLUMNS 
r 

00 710 1=1,N 
L=NM-T. 
IF CIN0FX<L,1)-IN0FX(L,2)) 630, 710, 630 

630 JROM=INOEX(L,l) 
JCOLUM=INDEX(L,2) 
00 705 Kal,N 
SWÄP=A(K,JROW) 
A(KfJROWI=A(K,JCOLUM» 
A(K, JCnLUM)=«5HAP 

705 CONTINUE 
710 CONTINUE 

00 730 K = 1,N 
IF(IN0EX(K,3)   -1)   715,720,715 

720       CONTINUE 
730       CONTINUE 

10  =   1 
810     RETURN 
715     TO   =   2 

GO   TO  810 

'■ 
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